Synthesis and properties of oligodeoxyribonucleotides containing an ethylated internucleotide phosphate.
Internucleotide phosphotriesters comprise an important class of DNA lesions produced by carcinogenic alkylating agents. To avoid confusion resulting from the presence of other DNA lesions, synthetically prepared oligonucleotides containing ethylated internucleotide phosphates as the sole form of damage were employed to investigate several chemical and biochemical properties of DNA alkyl phosphotriesters. A total of four oligonucleotides were synthesised for this study, the dimers Tp(Et)T and pTp(Et)T and the decamer d-TpTpTp(Et)TpCpTpApTpTpT together with its unmodified analogue. The dimers were characterized by UV and phosphorus NMR spectroscopy and the decamers by two-dimensional homochromatography, alkali hydrolysis, and variable-temperature circular dichroism (CD). Alkali hydrolysis of the ethylated decamer produced strand breaks in approximately 75% of the molecules. This is in close agreement with data previously obtained for dinucleoside ethyl phosphotriesters and triesters in alkylated cellular DNA. Results from the CD study suggest that the ethyl substituent does not disrupt base stacking within the oligomer. The interactions of two enzymes with the alkylated oligonucleotides were examined. First, it was found that ethylation of the internucleotide phosphate renders TpT inactive as a substrate for T4 polynucleotide kinase, implying that a negative charge is required on the 3'-phosphate group of the nucleotide to be phosphorylated. Hence, postlabeling assays of DNA damage that depend upon enzymatic phosphorylation of modified 3'-nucleotides cannot be applied to dinucleoside alkyl phosphotriesters. Second, both decamers, when annealed to a single-stranded plasmid template, were able to prime DNA synthesis, catalyzed by Escherichia coli DNA polymerase I, with equal effectiveness. The use of this reaction as a means of site-specifically incorporating phosphotriesters into viral vectors is recognized.